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Atstract

Tha %ES-LASL racezrack cicrotron (RTM) s a foint
research preject of the Li2ticr:2l Buraau of Standards
and the Les Ala=os Scientilic Lataiatary. The erei:zct
gor's are to reterming the Te2siliiity cf, and devilar
th:2 nccessary techrolegy for Rail¢ing high-erergy,
ligh-current, certinucus-beaz (cw) electron accelera-
tors using begn recirculation and room-teaperature r»f
accelerating structyres, To achieve these geals, a
dezcngtration accelerater will te designed, constructed,
and tested. Paraneters of the dexgnstratian RIM ars:
injection euergy = 5 MeV; eucrgy Ggain per pass - 12
IeV; numder of passes - 15; final bexn energy - 1E5
MeY; m2xi=um current 550 ¢A. Cne Q50 k¥ cw klystron
vperating 2t 2380 Kz sl suzply rf gower ta toth the
injector Jinic ard the m:in accelerating sestion of
‘ke RTi4. The disp end v2ther steuding wave rf struc-
ture teing cevelopad at LASL will be usad. SUFIRTISH
calculaticns Inaicete that an effective shunt icped-
ance (217) of about 100 *Y/c. can be obtained. Tlhus,
rf powar dissipztion of 25 kii/a results In 2n energy
gain of mare than 1,§ lev.'n. Accelerarors of thic
tyze should be attractive for many 2pplicetions. it
bez: cnergies ubave about 50 MeV, an R14 should he
considerably chaaper to tuild and ¢ crate than a
ccnventiona{ pulsed rf linac of the same maxirum
enci'oy and tine-averape bean pover. In réditicn, the
R1¥ provides supcrior beam qality and a ceutinudus
team which 1s essentiai for nuclear ghysics evperi-
zents requiring time-caiue ldsuss maacurmisnte hetwesn
saltted particies,

Intracyction

The rocetrack microtron (RTN) offers a muxzber of
uwnique advantages as an eleciron accolerator for °
enargies atove about 50 Me¥. Of particular interast
to the NBE-LASL project is that available high-power
rf techriques offer the possibility of building a
continuous-wave (cw) microtron. High-energy cw RTN's
are ¢xgestad to be of trenendaus iuportince in nuelear
aiysics.l At present twd cw RIN's are in operation:
MUSL=-2, & €6 MoV, 6 pass machine at the University of
Mirofs wnich uses a sugerconduzting accelerating
section,? and MAMI-1. & 14 MeV, 20 pass cachine at
Mainz, Gersany rhich uses a room tengerature rf azecel-
erating struzture.? Cur prnject is alse using room
teparature rf tochrology. Kith {t, we expect to
wchieve bean currents of scveral hunéred cicroasperes,
Hinfted by "ocaa Dlovup.“*5°% 1y the expected currant
s {ndecd citeined, the jowar convereicn efficioucy
(fiom the AC poxer 1ine to the tei=) can be ten percent
or higher, which 1s cozetitive with a modern (pulsed)
electron lirecar accelerater (11nac). Other advantagse
af the RIH compared to & Yinac are: s ller Dean
exittance and encrgy spread, much (nprovad cnergy
stability, and recuced coastruction 2nd operatin
costs. [he only applications for vhich the RIM is
{nferfor to the Iinac are those iequiring very high
pulsed currente, such as neutron meacursmante In whieh
tlue-of-Flight techininurs a1 e usad,

The iz;=tus fecr the present NBS-LASI. project is
the perzrived nees for a 1 to 2 Gev, cw, Righ current
electron 2cceleretor for nuclear physics research.®
The coct eccaozical way t» build such a =.chine would
bz to uee & reciicuizting scheme, either 2n RTM or,
especiclly_ar tne highest enscrgles, a dcuble tided
oicratron,’ A recent study® his shown that a 2 GeV
€cutle sided ricictron COu{d be built for abcut cns
helf the ccst of the cest prasising altern2tive, a
conventioral pulsed rf linec and 3 pulse-streicher
stcrege ring. In 2déition, the microtrcn approach
proaiises to provide better been quality and stebility,
saaller energy spie2d, energy varfatility over a wider
range, ncre total beam current (allewing several
simyltanecus users of the machine), 2nd reduced operd-
ting cost. Tha g:oal cf orr project is tu ceteic:ire
the feasibility of an acc lerater of this tyfe. ke
must deter=ine the bezs-bivvup-iaprsed current lialt
of sach ? zaciine by a ceudination of weasyreents and
calcalations, and cevelos: the reguiied tachnclogy,
espezfally a syitable rf >ccelerating structure, A
major part of our preject is to design, tujld, and
ozerat2 a cw rciciotron of reasonatle size in erder to
dezonstrcte viable solutions to the technological
problens and make the necessary beasurscents cf beam
blonup gprerarties. 1his dexonstration aicelerater
will be au RIM with 15 passes, a final erergy of at
least 125 HeY and a design current capability of 550 wA. -
Ihis accelerater, which will be desrribed in this

repcrt, will be a powerful recearch tocl in its own
right tor nuclear phyclee and other aprliration.

Microgron Design

In a racetrack microtron,® the beam is veturned
to the accelerating secticn dy uniforu-field end
oagnees, &8s stiown In figure 1, On succassive passes.
the beim oust pass through the accelirating saction
ngdr the same “resonant® phace, ¢_, of the 1*f f.eld.
Thig rescnance conditlen can ba Slpr-::pd hy the
valation®

(2r'c) aY eas o, " V8, . (1)
where LV cos ¢ Is the resonznt energy galn er pase,
A is the rf frbe space wavelength (12.556 ca), @ it

the end-maguet field stionQth, &nd v the harconic
nuzder. ke have chosen to use v * 2, which cakes thm
spaciug betwaen successiva recurn patns d e vi/e »
8.019 cn (uhen 8 = election velocity/e ® 1). 1his
spacing fs sufffcient to allow installation of {nge-
ser.dent steering ana focussing elesents 2und tedn
élagnostic instrucentaticn on esch reiurn path,
ryjor disadvantage of v = 2 cenpared to v v 1 g
reduced longitydinal phase acceptance, Rectuse of
thic, we draand very geed enardy ard phace etabilit
end & mall lenglitudinal phace exitrance af the In-
Jerted bspa,

The

The chelce of rf frequency in an RIN is a conprn-
rise azong many fartore. Louer frequency (larger \)
eates cantbractien and aparallng *alarancse, |lighar
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riqure 1.

L3y5ut draéing of the Miciotron. Achromatlc beam transport from the 1njection linac to the RTH {s
gerforsmed with the dipale ragnets D1-P6 and quiadrupoles Q1-QS.
cn recireLlating orbits is acronplished in the chicane system concisting of D-5, D-7, arnd 7.7,

Cezpensation for the effect of N-6
Crbft

re.ersal after the first pass *hrough the acceler2ting sectisn is performed by D-R, D-9, C-8, and Q-9,

as shouyn in the inset craaing.

for the ¢isplacezents produced fo D-8 and D-9,
Extraction from the RIM ran be obtaired afier any nuter

retern p;thvgrnvides acjustable focussirg.

Tue array of imygnets C-10 and D-1) ceupersute the recirculating o-tits

A guadrupale doublet (n0t shown) at the center of earh

of £fr#T it g, b mos g N-11 ta ths apprapriate dahit and adjucting the fisld ctrengtic of N-11 2n4

p-15: :

frequency increases the shunt iwpeZance of the accelera- ¢

ting structure, thus tending ta reduce the electrical
power demand, [In considering these fastors, we have
chosen an S-band frequency, which also allows nultiple
simultanedus high-current teaus (obtained by sub-
haiwonic rf beam splitting), with the resulting 2, 3,
or 4 teams still appearing to be eisentially coutinucue
to most erperiments, The specific clwice of rf fre-
quency, 2380 MHz, s dictated by the commerice)
availability of a high power (450 kW) cw kly<tron with
reasonable (%5%) electrical efficiency. One klystren
provides the vrf pow2r for the injectar lius- (5 HeV),
the main accelerating section (12 MaV per puss), and
the powers given to tha alpctron beam (109 U,

Injection in%o0 3n Rilt gen te accexplished either
by sending the incident t:az int5 one of the end
ragnets, or Jdirestly into the wain accelerating section.
The forzer method, which is used in all stages of the
MAIT praject, reasires on injection onergi of sbout -
one tenth of the fiuxi energy of the RIN.? This would
rejuire either a very eurensive injector 1inac(20 Ne?
in our case), or an fnjectisu stage cicretron (like

rd

CPAHE-Y) anAding toth cost and coTpiexity to the systeu.

—birestiag the bo2a fnto tre 2cceleratirg section

directly, as in MUSL-2,% adds the cosplexity of an
tnjaction “chicare” wnore the fnjected orbit is merged
with the recirculating orbits, 3nd & “bypass” on at
least cna recirculating path, to allow the recir
culation path to p2ss clear of the accelerating struc-
ture. In the [BS-LASL R we will {nizet the beaw
directlvy Yauto the aceelertting section and use a
reserse return dftar the first pass through the
sestion,?? Tiws the second and sudbsequent passes witl
te in the opposite dfrccticn fren the first rass, ac
shown In figura |, This is feesible because our
accelerating strusture fs of the stand{ng wave type.
Tie reverse return featura simalifies the chicane
design bacause the hean has gained energy frea twn
parses befare [irst encountariug tha chizane, and
slimjnatas the noed for hypite vetuin orhits,

The reverse return design requi.es the use of
auxiliary maguets to previds orbit cliosure on sub-
tequer:t passas. lhe closed ordit corregtore are
located on ti:2 return paths as indicated in figqure 1,
where they do not increase the overall length of ‘he
accelerator, and can be conbined in function with
ctepring nagnets wLhich are needed in awy euent,

feam qual ity and ease of operation fu an KM are
critically cependent cn the propeities of the end
magnets.? Gnod field uniformity is essential to
w3intain the resoranze condition, eg. (1), yet ic
difficult to achieve in a canventinny) C-magnat
having the wery large ratin of gap “epth to Leiyht
1equired in an ond wagnat. A nasel rag.et decign,'?

shoan in fioure ?, has bean developed which has 2
calculated field uniforaity of tetter than two parts
1n 10", not cnly at the neninal field strenoth of 1.0
Tesla, but also over & wide renge up to ebeut 1.3
Tesla. 1he design incorporstes a reverse-field
active clasp neecet to eliminate undesirable vertical
defocussing in tne fringing field,? 1n spite of the
expected excellent unifermity nf the field, we plan
to tneluce correcting coils of the printed circuit
beard type'? to cemrensate far nachining errore and
othar fnpecfecrions thot oy ha prsgpnt in tha actual
maQuets,

The {njectfon systea eupleys 8 100 keV wodulating
anode type electron gun with § mA DC current cap-
ability. A focussirQ lens system with twa physical
apertures limits the trancverse anittence of the beam
10 ¢y * Ar mn wrad at 100 keV (¢ * 2.6 » 1 nria,
where ¢y, = Byt,). The spertures dre followsd by a
tno—ccv?t) chiodzor system which 1its the Jougitudinal
emittance of the beum, ¢, , to less than 3n keV degreot
with negligfble dilutinn of ti - trenswersa phase
space. Followirp the tecond trzprer cavity, the besaw
15 bunchied fn rhase by a single-cavity klystron
buncher bafore euterfug the capture sectign of tha
Injaction tinae. 1he rhapper-bunchey gyvetmn I8 &hiown
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schemetically In flgure 3 and descrited 1o cetail in
reference 13. lne injection Yinac consicts of twa 2
reter accelerating sactinns of the same design ac the
rain secticu of thne NIM, excépt thit tue corture
sectisn 12s @ tapered-i cesign (from - (.55 at the
ertrance to - 0.38 at the axit) end a lcuer 2veivaqge
arcelaraiinug Cradient than the othar cecticus,

1.0 Ovom conpared te 1.5 1Y ',

Our cesign specificacticns for the team out of
the injecticn lirac at 5 MoV include a nermalized
trangverce emittance of ¢, = 5» ar mrad) (ey v 0.47-
om nrad) and a longituGingl emittance cf 20 kev
dagrees, f.e., & full width enervcy spread of 4Q kev
(2.8.) for 2 phase tunch lengthi of twd cer2es.

These speciffcations allow diluticn of tre nrrralized
trarsverce and the longitudiral erittanze by facters
of about two and seven, vespectively, in the carture
sectien. Qur prelimirary calculations fnsicate that
these spacifiraticns ave reaoily achievahle. The
stanford superconducting tecyclotron has in fact
obtatned consfdevably sralier emittancee, iteit az a
grnzhiat Jagsy eury et .
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Figuie 1, Sehematic draving of the clopper huncher
systeng f fs the 170 keV electran gun,
Magnetic lencey |l - L? provide focussing,
Aperturas Ap and Ay defing tha transveree
eaittance nf the tean. Aperture Aq and the
rf ctoppar cavitiet () and £y Tlo!t the bean
picase snrexd to RO dagregy, A fg the
hunehisr ravity, R ic the rapturs eprtinn,
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tezn fraz the RTM can be
Cesired ru~ber of gasses bty a
tn the returm gatns. lre

the beam ont~ @ couruon ey-

Ertracticn of the
acconplished after any
moveatle kicker ragnge
hicker raynet cafiects

tracticn Yire frc® any return patn.,  lo tnic wey,
ne.inal output tear energies of 17, 29, 41, ---- 172,
cr 13 MeV are cttaiued easily and rapidly. luter-

n~diate enprcies can be chtained by chai;ina ¢V end
B (in eg. (1)) properticaately.and the inierticn
cnergy to match, A maxinum erfergy up to 25 percent
2bove the nozinal 165 lev could te ottained at low
beam currents v.ith the availedle »f peaer, if the
accelerating stiucture praves carable rf an f heeting
Inan B0 paycent abn,s e 4ecigr valee ol 27 1d .,
kzem Slowup

The dlewvup rhenocencn which Yirits ¢te current
in recircaleting election acceleratars is caused by
on interaction betaaon the teem and certéin 1 f modes
of the accelerating st-ucture, lhe transierse cwg:
netic field of tre .cde cefiects tne beam. Snergy fis
transfervred betucen tre tedo gnd the fode via the
axfal electric ficld. which hég 3 node on the axis nf
the etvucturs, and a Linexy v increacing anpli tuds

for <mal) displacements frow the axfe, On the firgt
pass through the structure, the tean is ragneticall)
deflected as indicated in figure 4. Cn the next pass
the beam traverses the structure cff aris, The
power, T' ., tvansferred frcm the hsary ta the mads on
the ith pate will be of the form

()

wheve x. is the displazenent of the bean centrotd, 1
the Cur’nnt and 5, the phese of the o f in the coce at
the tine the hean intera~ts with ft. The Leat congists
of vepetitive Punzhing 3 electrons &t the accelerating
mace frequency f o, vliich is different from the blowup
1cde frequency, .. tach electren bunzh will have &
different yalue nﬂ X, CGepending on the phase nf the
blewup mode when thai buneh passed thioug!i the stryc-
ture on the (I - V) pass, lhus x; ic corelated with
& fcr the different bunchee, aud'F, will not {n
gureral aves v3e to zero fer all the bunches. On

1ater pacsen, the beam i1} nave 3 ¢isplacesent frem
the axfs dun to the sum of al) provious deflectfons.
The total prwer ccupled from the beim to the mode f{s.
vbtaired by averaging over a1l pacsde, ¥, V6 8§34tian
(?) A erantng rvse all pacese, Thile tAral peuss

P‘ - X, I eo¢ ‘l'
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Flaguue 1 Schematic cf the P, tn {1lustrate the bean

%ea 2pvt Moy daraile.

. hic.up plisunzeunn

will cepend cn the fresuvercy ratio f./f . aud tie
details of the recirculeticn nptics, buY in gerera)
ft i)} nat be zerc, and the retulting L2227 dicplarce
rent wil! ingrease with tice, at a r2te rropoitional
0 the teax curreat, as enetc;, continues to ke trans
ferred frcm the beas *c the blovep mede. Ihe erercy
in tue bleaup me2e Is Jicsirgated by tie interaction
of the 1f with tne n3lls af the structure at a rate
invargely prassitiend] te *n2 rueinne, facter. G, of
the Mloaup 0%e. FEwz.0r, for been tutvents atSie
scra thresnnela valua, 1, *Le rate of siesippation
will nct 22 laige ersugh t2 2wa) the cisturtauce and
the reflection 23plitud? will gres until the dbeam ¢
lest froa the accelevator. iz recirculatirg accelera-
ters which use suparconducting vf ¢echrcleg; . the
tlowup plhencenzn has baan chservag 2t quite low bean
currer.ts tecause of the very nigh Q w2ides of super
ccagucting structares 18 Tia much jewer © valuse
of roen tetrerature vf stivctures is rne aof the
re2ssns for pumicuaing rhic tachmalegy far Lijgu furient
applicarinne.

Although we uuderstind the beaw blowup in prin-
ciple. 1t is an extremsly Zifficult task to predict
the threshnnls curient for a gliven accelerator dasign,
In adg2itien to the de;eudence on the fraquenty ratin
fe/f_, on Q..and on the tune of tha recirculating
c§:l?s clsclSsed asove, I it 3 function of the
injection energy, the nuzder of fasses, and the
en2ray g:in rer Fass. Soue of thes? dazendences La.s
been studizd by nurerical methrds %' It g cledr
fron trase crudiec ket over & wide range of tuuiug
cauditicnt, 1 i¢ Imversel, prozortional to the
mater of paclss, Any 1eal rf structure will) supsore
a laige mver of nodes that could rauce begm biowup.
With each rig2 frequency there will de 3 ¢if(erent
OB' 2.0 & different prace shift, §,, betwesn adjacent

ccelerating ca-fties. The last fg:tor is eignify
cant Seczuse {f 2. is the saue &S tne phase shift,
s, cf the aczelatatlng A2 yand thue the beat)
b8t.een adiacent ca.lities, the blzuup effect fram al)
the cAvitioe n tie structure will add cahmrently,
whitle {17, v S the taeal offerr il lny goneral he
craljor.

Sevuia) prozetunes are avaliable o frereese I .
Flast, 1t 15 wite clear frem genaral ceusideratfant
of resonynces in ejelic acceievatars as well as frow
tre unzerfcal dtudios,’* that Dlewup nedes having
fosf, closte o the 1atic of ary tuo small intejers
(a.g? 4/3, 2, etc.) sheuld ne avolded., Ine mada
frecuencles can be fdentified in sesl) test sections
tnd the structure dicersiornScan be altered to change
fo/f.. Cbviously thic procedure is not practical ae
.ﬁ d postericrt ruie, Cernpd, ¢hinngar fnrucelng,

sro.ize2 by quasrupsle L2gnets or the return erbits,
Cin Te use? o cocredse Lhe teww displycer=nt rrodu-on
b 2 givae Zeflelv.ar. If tein tl-.zp .rie the enly
cousiceratian, tus woule 1 e the fezal lengths of
ve leigzs ir fazuea § ecual v one-four ik 2f tne
ordit circinferenie, thut veturniny tre ceflscied
D2a: I The 2arCilerator cXrLituve anis afiler eyery
facs. &1 € rinimiTing e hlouur inTerastian.  he.acer
tnis 1ust Lot Pe doré for €.-ny pesses, singce it
COrretpoLas 5 a Trercverte tertatren escillaticn
piase advanze of 1ES" per pass (<r en irteger nultiple
treresf), uhich corresronsds to 3 Lalf-inteser tuue
reesnince, & cenerticn whick iill cause th= tean to
be 1o¢t just 2s surely ac the tecw Slomup. There
existe a nucher of other tune #r.C cozpling rescnances
uhich oust also be 2voided. so the focussiug that cen
be surcescfull, afplied is nat artitrery. RKeverthe-
less, @ ciguificaut increase fn I can be ¢b?ined by
focussing. Third, the § valuces of the blowsp Coades
c2n te gubstantially reduced %y sxternz) leacing.l®
To he effective, thic woulZ rave to te dome fcr al)
the iugpor tant Plouwup frejuencies, withput c<erinne]y
1eduring tue ) ol ¢,p arrelervacierg rade

Accelerating Strusture

Ine rerforronce of an R1M ippreves and fte cact
tends te chcrease os the ateelerating gredient i
increxsed. Tractical limreaticrs are izzcsed by the
av2iledle rf po.er and the 25ility to recsy2 heat
frem the stiuctire. We have tesun a testing circhism
on the dist and washer (PAn) stérding uave stiyc-
ture.!’ which arpears te te ideal for the 1" applica-
ticn. In addition tc a btigh shunt ingedarce, 1t has
3 high cell-te-cell coupling factor which eases con-
struction tolerances and reduces sensitivity tc beam
lcading effects. The hizh cell-ta-cell counling
sheuld aler nake external Iceding of Pinacup wndec
feaciktle, if (rund to hae ne-etcary.

Figure & shows the CAm struzture with the washeis
suprorted in pairs froo 1-cheped cupports. (Ihere
are fruy cuprorte, saualle cracad apimuthalls. o
each pair of washers.) The radial portion of the
suppnris lies aloeng an equipotential of the accelera-
ting wode electric field, anc the longitudinal gortian
Is in a region of low electric field. Conscauentiv.
this type of suppart minicizes the perturbaticn of
the iccelerating mede. Hewever, thes: supports
significzntly poerturd the coupling wode. left unze--
rensated, these perturdaticns would open 3 stop band
in the mode spectiul 2nd creata g bilevel distribtution
fn the excitation of the accelerating cells. Ry
eszerirauting with the gaomctry cf a loa-power %est
sectinn, 3 technique has Peen davelgire to cuunteract
these perturbations. 7 ¢ jeocetry of the 0w (witunnt
uncher cuppnrte) wak artimized wibth tie aid Af the

R e

flguie &, Dick and Liackar rf atvuspurs,



ceruter prcgrar TFTiiltM. Tran tle reisures -
turiatices Ca48€C Ly the S Erdr e were cliningta” by
3 cut-and-ft pragzocue in miich the dishs which told
tne suzpSrrs aré vaze thirair, erd he redius of the
cuzer wel! of tre cavitifs ius tade laizer. lhe
¢orvestzd loa pl.zr test seclicn eshibits 2 O owliue
cf 73 porcent ¢f tle tielrvetical velie picdicrec by
SUREAFISH,  (ieie rzds-rpments wers 206 wilnh te |
susperts Lrezed to the vishers and €icks, but the
rest ofle stricture pressed trgether without Lizzfng
It the cezoleted strusture, we ex;2ct 10 atrtain g €
value ¢f 28 porecpnt f theory, vhirh will p-rvide an
effective slent 1:pedence (217) of araur I R. m in
e 2367 Mer, p -l Siuitwme.

In sedition ta suopmting the »ashers, the
suooorts grevise charnels for cairying coclant to 2nd
fres: the washers. Meat trancfer calrud2tigns indirats
that the practical lizit fou ccoling the structure is
i excese of 29 Liwym. Thig power level wilh the
(apected s :unt imaedaice vill result in on 2cceleratirg
gradient » 1.3 J,m. Thue the c2in aczelerating
szztion wil! te aboct 6 4 long to provide the 17 My
enevCy g2in re-vires by the cecign parareters. 1us
injecter linar wa!'l roncisr af ateut 4 w eof P
Ctru~"nuré,

Thz Jo. ponercd test sectien is being erxamined
for vl rrcas cf tha thfe nhich cen cauke blowup. Mue
sroup ¢f trhese =odos has bzen found at a fiéquency
ned: 2/3 cf the accelarcting frequercy. (In the DAk
tle acrelorar|.. moJe is not tr.e lcwest mod2 cf tae
structure.) Acrtrding to our present understancing
of beat: Llcvus. the fresuercy ritin of 2,3 may he
Aaugerane and will 1equive fuither <tudy,

Samrary

Piivial funling Toc the 105 LASL rizrotron wae
tecai.ed i Sefterber 137y, ile congéntual cesign of
the 1% o3¢ czupleted iuw Jure 19%0.3% In addition t2
tre rf stigstura zevelonrant and end-ragret cesiagn
effort ceczritad abase, our offors to dat: lave con-
cenlra(ed on the precure2nt and zaustrection of

long-lexd ftens, sucn as xi,ctrons, pouwer supplies,
the cant.cl-syitew coiputer, ané elestron oun,  Cur
sc..edie calis for firgt rperdtion cf the injestor
linac in azjuc? 1§82, ang coopleticr of ~onstruction
of the entire acc2leritor In June 1233, [ne votal
cos® of tne project. Incluging ¢ year's oreraticn of
the 21 %o srmzlete Cetdiled pevinirance tests, is
esticvied o e adesr §7 milier, ircluding inflatiau,
Jv is irpertant ‘o rate 2nat thie cost incluces &
lagge resedich and Savalnyeent effort. e actual
cass of Yufluing the flI™ ic o;itirnzed t2 be 8d-ut
§2.8 mi'lion (§n present Saliars), which wrule 23ke
it an antremaly iuerrersive accelerat-n if the antici
patsd ra frpanre je fncdopn aclfs od
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